Objective: Typically, attention focuses on how nutrition affects physical health. The present study investigated the importance that parents attach to the impact of diet on mental performance when choosing food for their child. Design: Questionnaire. Setting: Four European countries. Subjects: Parents of children aged 4-10 years (n 1574): England (n 397), Germany (n 389), Hungary (n 398) and Spain (n 390). Results: Most parents (80-85 %) considered the effect of food on four elements of mental performance (child's ability to learn, attention, behaviour, mood) to be moderately, very, extremely (v. slightly, not at all) important in food choices; over 90 % considered healthiness of food and making food appealing to their child important; 79·8 % cost; 76·8 % convenience. Belief that food affects mental performance was 57·4 % (ability to learn), 60·5 % (attention); less than 40 % of parents agreed they were aware which foods had an effect. Parents with lower general interest in healthy eating were less likely to consider the effect of food on mental performance elements as important. Respondents from Germany were more likely to rate mental performance as important (except behaviour); those in Hungary less likely. The most important influence on parents' decisions about feeding their child was their own experience, except Spain, where family/friends/ health professionals were more important. Conclusions: Nutrition affects brain development and cognitive functioning. Low prioritisation of the effect of food on mental performance indicates potential for educating parents.
Parents are the main gatekeepers of the diet of children under the age of 10 years, exerting significant control over what they eat through selection of the range of foods that are offered (1) and methods such as restriction and rewards (2) . In making food choices for their children, research has shown that parents are aware of the importance of developing good eating habits for long-term health and are concerned with balancing a healthy diet with their child's food preferences (3) . Even though parents associate some foods (such as sugary drinks) with effects on mood and behaviour (4) , most perceive that diet has a stronger impact on the physical development of their child than on his/her mental performance (5) . Food and nutrition, however, have important and pervasive impacts on brain development and cognitive functioning through effects on cell structure, neurotransmission, energy supply to the brain and metabolism (6, 7) . Beyond the role of specific nutrients, eating patterns such as skipping breakfast are considered to contribute to poor mental performance (8) and consumption of foods containing certain additives to result in behaviour changes (9) . Hence a balanced diet is important for mental as well as physical development with implications for school performance, attainment and well-being in adulthood (10, 11) . The present paper reports the findings from a questionnaire study involving the parents of children aged 4-10 years in a convenience sample of four European countries (England, Germany, Hungary and Spain).
The countries included were those participating in a larger European programme of work on the role that diet plays in the mental performance of children (NUTRIMENTHE project). Since traditionally most attention has been paid to how nutrition affects physical health, the questionnaire particularly probed the extent to which parents took account of the impact of their food choices on the mental performance of their children. The findings reported herein relate to: (i) the relative importance of perceived healthiness, impact on elements of mental performance, attributes of food such as taste, and cost and convenience of preparation in parental food choices; (ii) the awareness and beliefs of parents about the effect of food on their child's ability to learn and attention; (iii) the characteristics of parents associated with the prioritisation of mental performance when choosing food for their children; and (iv) the main influences on parental decision making, including roles of family, friends, health professionals and the media. The inclusion of four different countries enables cultural differences to be explored.
Methods

Questionnaire development
The questionnaire was developed by members of the international research teams through several face-to-face meetings and intervening email exchanges. A preliminary questionnaire was developed in English and translated into local languages. It was piloted in all four countries with a small number of local volunteer parents to ensure that the type, flow and number of questions were appropriate to the aims of the study and to pre-test for clarity and comprehension. Results from the pilots were evaluated and compared and the content of the final questionnaire (comprising twenty-five items) agreed. Changes following the pilot involved refinement of the wording to ensure consistency in meaning across the four countries.
The first of three items on food choice asked parents to what extent (not at all/slightly/moderately/very much/ extremely/don't know) they took account of eleven different factors when preparing food for their child. They were also asked to rank their top three factors. The order in which the factors were presented to respondents was rotated. The factors were selected with reference to the relevant theoretical and empirical literature and in discussion with four nutrition and psychology experts. They were divided into four groups: (i) the effect of food on physical functioning (healthiness of food, child's energy levels); (ii) the effect of food on four elements of their child's mental performance (ability to learn, attention, mood, behaviour); (iii) food-related factors (flavour, providing variety, child's food preferences); and (iv) pragmatic factors (cost, ease of preparation).
The findings from qualitative interviews with parents in each country were consulted to guide the selection of elements of mental performance (3) . Parents encountered problems with articulating what the concept of 'mental performance' meant to them. Cognitive processes encompass a range of complex functions (perception, psychomotor, attention, memory, language, executive functions) (6) , the details of which may be hard for lay people to comprehend. Parents tended to relate most to 'attention' and 'concentration', and many expressed the view that food affected these dimensions indirectly through its impact on mood and behaviour. Consistent with findings from other research (12, 13) , parents also related to 'learning' as an element of mental performance (6) . The selection of indicators of mental performance for the questionnaire in the present study reflected these considerations and the need to ensure that the terminology used was meaningful to parents.
Second, to gain more understanding of the importance parents attribute to the effect of food on mental performance, respondents were asked the extent to which they agreed or disagreed (5-point Likert scale) with two statements: one relating to their awareness of foods that improve their child's attention and ability to learn; the other to their belief that food improves their child's attention and ability to learn. The final item related to the extent (not at all/slightly/ moderately/very much/extremely/don't know) to which parents' decisions about how to feed their child were influenced by eleven different sources (including self, partner, other family, friends, health professionals and various media sources).
In addition, information was collected on the sociodemographic characteristics of respondents that might influence their views and behaviours: age, sex, ethnicity, whether born in the country, highest level of education attained, occupation of main earner, number of children living at home, if respondent had ever gained a qualification relating to health or nutrition, and smoking status. Respondents also completed the General Health Interest (GHI) scale, an eight-item instrument that measures health-related food attitudes, each scored on a 7-point scale from which an average is calculated, range 1 (least interested in healthy eating) to 7 (most interested) (14) .
Recruitment of participants
In order to access national samples, data collection was managed by a market research agency in England that had links with partner organisations in the other three countries. Parents were recruited from established panels in each country. Panel members are selected according to the inclusion criteria for individual studies, which, in the present study, were that parents had a child aged 4-10 years old, in mainstream (not private or special) education. The focus on 4-10-year-old children was because, at that age, parents are still likely to be having a significant influence over their diet and nutrition. Parents of children with diagnosed pathologies, such as attention-deficit hyperactivity disorder, were excluded because it was reasoned that they may have researched dietary influences on development more thoroughly than the general population. The questionnaire was distributed and completed online in the spring of 2011. Controls in the questionnaire prevented non-response to any item so all returns were complete. Ethical approval was gained from the University of Surrey research ethics committee.
Sample size
The target was to recruit 400 parents in each country, enabling the detection, using a two-sided test, with size of 5 % and power of 80 %, of an underlying difference in prevalence of 10 % with regard to any dichotomous outcome.
Analysis
Data were transferred to the statistical software package SPSS version 16 for analysis. Summary statistics (numbers, percentages, means, standard deviations, medians, ranges) were calculated for all background variables and broken down by country. Comparisons between countries were performed using the appropriate statistical tests.
Factors in food choice were ranked according to the proportions of parents responding that they took account of the factor extremely, very much or moderately (v. slightly or not at all). Factors were also ranked for the proportion of respondents placing the factor among one of the top three. Rankings were compared between countries, and between parents with different sex mixes of children, because boys are generally regarded as needing more energy (at a given age) than girls (15) . The proportions of parents agreeing or strongly agreeing that they were not aware of which foods contribute to attention and ability to learn, and did not believe foods impact on attention and ability to learn, were analysed descriptively and compared between countries.
Backwards stepwise logistic regression modelling was undertaken to explore associations between parents' background characteristics and stating that they take account of each of the four mental performance factors slightly or not at all (v. moderately, very much or extremely) in making food choices for their child.
The importance of different sources of information used by parents in food choice decisions was re-coded on a 5-point scale (1 = not at all to 5 = extremely; don't know treated as missing). The eleven sources were combined into four groups for analysis: self (i.e. own common sense), family and friends, doctor and health professionals, and media (comprising seven items: radio, television, websites, social networks, advertisements, books, magazines). A mean score was calculated for each parent for each group. Country-level means were then compared.
Results
Sample characteristics
Questionnaires were returned by 1606 parents with children aged between 4 and 10 years (n 401 in England, Germany, Hungary; n 403 in Spain), but the children were not co-resident with some of the respondents. Since the questions specifically referred to food choice for 'their child', those parents with no children living with them were excluded from the analysis. This left a total sample of 1574 respondents. Respondents were predominantly of white ethnicity. Parent responders differed significantly across countries in all characteristics except for smoking rates (overall, 25·9 % were current smokers) and having a qualification in health and nutrition (11·8 %; Table 1 ).
Factors affecting food choices
Across all countries, the proportions of parents stating they took account of a factor extremely, very much or moderately (v. slightly or not at all) when making food choices for their child were lowest for the pragmatic factors of cost (79·8 %) and convenience (76·8 %) and highest for healthiness of food, making food appealing to their child and the perceived effect of food on energy levels (over 90 %). Between 80 and 85 % of parents considered the impact of food on the four elements of mental performance to be moderately, very much or extremely important. Differences existed between countries in the importance that parents said they attached to cost, flavour of food, child's preferences, providing variety and the effect of food on child's mood and attention (but not with respect to the effect of food on the child's energy levels, ability to learn, behaviour, ease of preparation or the healthiness of food; Table 2 ).
These rankings altered somewhat when the proportions of parents listing a factor in the top three most important were examined. Healthiness (80·3 %), offering variety (57·1 %) and the child's food preferences (41·9 %) were the most important to parents. A middle group of factors comprised the effect of food on the child's energy (28·0 %), flavour of food (27·3 %) and cost (20·8 %). Ease of preparation and the four factors relating to the child's mental performance were all ranked in the top three factors by less than 10 % of respondents (Table 2) .
Differences existed between countries in the proportions ranking factors in the top three for all factors except healthiness, where there was close agreement. Compared with the other countries, respondents in Hungary were less likely to rate the four elements of mental performance among the top three factors influencing their food choices, while those in Germany were more likely to do so (other than behaviour). The child's food preferences were important in Hungary, and less so in Spain, where variety and providing energy were relatively important considerations (Table 2) . In Germany, low proportions of parents considered variety of food as important. Cost was relatively unimportant in both Germany and Spain. Ease of preparation was unimportant in all countries but particularly so in Hungary.
Comparing parents with different sex mixes of children Of the 1574 parents with children living at home, 536 (34·1 %) had only boys; 385 (24·5 %) had only girls; 653 (41·5 %) had both boys and girls. Within each country separately, there was no significant difference between parents with only girls, only boys or both in the extent to which parents said they took account of any of the eleven factors or in the proportions that ranked any factor among the top three (data not shown).
Combining all four countries, the sex mix of children had a significant effect on the extent to which parents said they took account of the child's food preferences (P = 0·003) and marginally the flavour of food (P = 0·077). Both these factors were more important to parents who had only girls, than to those who had only boys, or both. There was no significant difference between parents with only girls, only boys or both in the extent to which parents said they took account of any of the other nine factors or in the proportions that ranked any factor in the top three (data not shown).
Awareness and beliefs of parents about the effect of food on their child's ability to learn and attention Across all countries, some 60 % of parents stated that they believed that food affected ability to learn (57·4 %) or attention (60·5 %). Similar proportions stated they were not aware which foods affected the ability to learn (65·2 %) or attention (62·2 %) of their child (Table 3 ). There was a highly statistically significant positive association between stating awareness and belief; for ability to learn, of those aware, 85·9 % also believed; 89·3 % for attention (χ 2 test, P < 0·0005 for both). Also, parents stating they were not aware or did not believe were significantly more likely to state they only slightly or not at all (v. moderately, very much or extremely) took account of the effect of foods on their child's ability to learn or attention (χ 2 test, P < 0·0005 for each association).
Characteristics of parents prioritising different factors when choosing foods for their children Regression modelling identified that parents having a higher GHI mean score were more likely to consider elements of mental performance as being moderately, very or extremely important when making food choices *Note that order of presentation of factors to respondents was rotated. †Using one-way ANOVA based on the 5-point linear scale (1 = not at all to 5 = extremely). ‡For rank and significant differences (sig. diff.): E = England, G = Germany, H = Hungary and S = Spain. §Using the χ 2 test.
for their child; hence, putting low priority on mental performance factors was associated with less interest in healthy eating. Parents in Germany (compared with those in England) were more likely to consider a child's ability to learn, attention and mood to be moderately, very or extremely important when making food choices for their child. Similarly, parents in Hungary prioritised ability to learn. White ethnicity was associated with increased likelihood of considering a child's behaviour as important in food choices. Having more children in the family made parents less likely to consider the effect of the food on their child's mood to be moderately, very or extremely important in their food choices (Table 4) .
Influences on parents' food choice decisions
Parents reported that their own common sense and experience was the most important influence on decisions about how to feed their child; media sources had little influence in all countries. Differences existed between countries. In contrast to England where parents reported above-average reliance on self and less reliance on family/ friends and health professionals, parents in Spain attributed more importance to family/friends and health professionals and less to their own common sense (Table 5) .
Discussion
Dietary choices are influenced by a complex web of factors, including palatability (taste, smell, texture), nutritional content, calorific value, cost, convenience and the social context (16) . Almost all parents in each of the four European countries included in the present study rated healthiness of food to be important when choosing food for their child. Lower proportions (80-85 %) considered the impact of food on their child's attention, ability to learn, mood and behaviour to be important, and even lower proportions (about 60 %) stated they believed that food impacted their child's ability to learn and attention. Cost considerations, food variety, flavour and effect of food on energy levels were all more likely to be rated in the top three factors considered by parents in making food choices than the four elements of mental performance. These findings differ somewhat from those of other European (17) and US (18) food and nutrition surveys which found cost and taste to be more important than healthiness, possibly reflecting a reordering of priorities when selecting foods for children. Neither of these major surveys offered mental performance as factors in food choice, indicating the general focus on food as a determinant of physical rather than cognitive functioning.
Across all countries parents with only girls were more likely to state that their child's food preferences were important in their choice of food for the child than parents who had only boys or a mix of boys and girls. Consistent with other evidence that shows similarities in parents' feeding styles for boys and girls (19) , no other factor in food choice differed according to the sex of the child. It has been shown that parents are likely to modulate their feeding strategies to match each individual child's eating behaviours and that the relationship is complex and interactive (20) . Geographical location can affect access to certain foods, cultural traditions can account for dietary differences, and knowledge and beliefs about the risks and benefits of alternative nutritional decisions influence ability to choose healthy options (21) (22) (23) (24) . In this regard, differences were found between countries in their rankings of the factors influencing food choices. For example, providing variety was significantly less important to parents in Germany and most important in Spain. Parents in Hungary generally prioritised elements of mental performance less than parents in England; parents in Germany considered them more important (except for the effect of food on behaviour). Cultural differences in attitudes to foods are well recognised (25, 26) , but accounting for differences between countries in our results is to some extent speculative as this was not explicitly explored by the questionnaire. It may, however, reflect national differences in policies and public health messages (27) . Lower prioritisation of the effect of food on mental performance indicates the potential for educating parents and building public awareness. Recently, public health concerns have focused heavily on childhood obesity (28) and scope exists to redress this imbalance. Uncertainties exist, however, in the scientific evidence about the relationship between dietary intake and mental performance, resulting in a lack of clear messages for consumers (29) (30) (31) (32) . Poor knowledge and understanding were indicated by parental responses to the survey, with less than 40 % reporting they were aware which foods contributed to ability to learn and attention. Multiple factors affect mental functioning, however, and identifying the independent effect of nutrition, from social, economic, genetic and parenting factors, is challenging (7, 29) . Further research in this area is required, along with robust dissemination strategies to ensure that key messages about the role of nutrients and eating behaviours, such as skipping breakfast, reach the target audiences (9, (33) (34) (35) . Respondents in each country stated that decisions about food choices for their children were less influenced by media sources than by health professionals, and that they relied on their own experience and common sense the most, so innovative methods of getting messages over may need to be identified. Understanding subgroups of populations is important for effective public policy; for example, parents with lower general interest in healthy eating were less likely to prioritise all mental performance issues, so may warrant special targeting.
Although care was taken in translating and piloting the questionnaire to ensure uniformity between countries, the findings need to be interpreted in the light of a number of limitations. The study was based on a convenience sample of four countries that provided geographical spread across Europe but may not have been socially and politically representative of the whole European population. In order to recruit large national samples, respondents were drawn from market research panels and significant differences existed between countries in some characteristics. Members of panels are volunteers and are typically reimbursed for the time they spend completing online surveys, so the people attracted to this role are self-selected and may not be representative of the general population in each country (36, 37) . The weakness of such approaches is well documented (38) and further research on the representativeness of online samples has been recommended (37) . Some 38 % of respondents were men and fathers have been shown to have different attitudes to feeding children to those of mothers (39) . At individual and country level, differences were not found between reported awareness and beliefs of men and women about the effect of food. Taking all countries together, however, female respondents were more aware than men of which foods affected their child's attention and ability to learn. Women were also more likely to believe that food affected their child's ability to learn, but there were no differences between men and women in beliefs about the impact of food on their child's attention. The study did not test the nutrition knowledge and understanding of respondents.
Brain development and cognition are important for learning, memory, information processing, reasoning, behaviour and many other functions that affect an individual's life achievements and well-being. Benefit may arise from increasing awareness of the potential role of diet and nutrition in both the brain development and cognitive functioning of children through increasing the quantity and clarity of consumer information (40) . Parents in particular are important gatekeepers to a child's diet and central to the environment in which most children's eating habits are developed (41) . As such they constitute an important target group for communication on the nutritional properties and health effects of foods. Timely, consistent and evidence-based information, tailored to different groups, and delivered in a variety of formats, is needed to form a basis for rational decision making around food choices (42) . Table 5 Influences on parents' decisions about how to feed their child, and comparisons between countries, among a convenience sample of parents of children aged 4-10 years from four European countries, 2011
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